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(57) Abstract: A method and system for imaging an 
artery contained in an arterial tree. A microprocessor 
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A three dimensional reconstruction of the artery from 
angiographic images obtained froni the determined 
perspective is then generated. 



>DOCID: <W0. 



.0185030A1_I_> 



wo 01/85030 



PCT/ILOl/00201 



SYSTEM AND METHOD FOR THREE-DIMENSIONAL 
RECONSTRUCTION OF AN ARTERY 



FIELD OF THE INVENTION 

The present invention relates to medical devices, and more specifically to 
such devices for use in angiography. 

BACKGROUND OF THE INVENTION 

5 Stenosis of an artery refers to narrowing of the arteiy lumen due to plaque 

formation on the interior wall of the artery. Tlie severity of the stenosis is the 
fraction of the cross-sectional area of the lumen that is occluded by plaque. Since 
narrowing is often asymmetrical about the axis of the artery in order to assess the 
severity of a stenosis, it is necessary to obtain at least two, and preferably more, 

10 unages perpendicular to the artery axis from orthogonal perspectives. 

In angiography, the arterial lumen is filled with a radio-opaque substance 
and X-ray images of the arterial tree are obtained from different perspectives. 
Selection of these perspectives is partly ai'bitrary and partly a process of trial and 
error once a stenosis has been observed. However, the overall number of images 

15 that can be obtained is limited by time, safety and cost. Usually four to seven 
projections for the left coronary arterial system and two to four for the right 
coronary artery are obtained. The operator assesses the severity of the stenosis 
eitlier on the basis of visual examination of the images or by computer analysis of a 
single image. Since these projections are in general not peipendicular to die arterial 
20 axis, estimation of stenosis severity and its length from these images is usually not 
accurate. 
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An artery, for example, a stenotic or aneurotic artery present in any of the 
obtained angiogi-aphic images may be detected by analysis of the images by the 
microprocessor or by visual examination of the images by the operator. The 
microprocessor detemiines the orientation of the axis of the arteiy in the 3D 
5 reconstnaction of tlie arterial tree. The microprocessor then calculates two or more 
perspectives of the artery perpendicular to the arterial axis. Preferably, two 
orthogonal perspectives are determined. If unages of the selected artery have not 
already been obtained approximately from the calculated perspectives, the operator 
obtains aiigiogi'aphic images of the aitery from these perspectives and the 
10 microprocessor then constructs a 3D reconstmction of the artery from the 
angiographic images by methods known in the art; The invention thus allows an 
operator to obtain images of the artery from orthogonal perspectives more rapidly 
than is possible by prior art methods of trial and error. This allows a smaller 
radio-opaque dosage to the patient and a reduced exposure of the patient and the 
1 5 operator to X-rays. 

The microprocessor may apply meteorological tools to tlie reconstructed 
arteiy. In tlie case of a stenotic artery, the microprocessor may provide accurate 
quantitative assessment of the extent and length of the stenosis. The severity of a 
stenosis imay be described quantitatively, for example, by tlie fraction of the arterial 
20 lumen occupied by plaque. 

The 3D reconstructed artery may be represented on a display screen using 
pseudo 3D effects such as directional lighting and shading. In a preferred 
embodiment, the reconstmcted ailery is presented as a stereoscopic pair of images 
to be viewed by the operator using a stereoscopic viewer. The reconstruction may 
25 be presented to the operator embedded in the 3D reconstruction of the entire arterial 
tree. Tlie reconstioiction may be manipulated on the screen by the operator, 
allowing him, for example, to zoom in on a specific region or to rotate the 
reconstmcted artery on the screen to obtain a desired perspective of tlie stenosis 
includhig a perspective showing maximal narrowing or a cross section of the artery. 
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a generating a three-dimensional reconstruction of the arterial tree 
jSrom two or more angiographic images of the arterial tree obtained from different 

perspectives; 

b detecting in the three-dimensional reconstruction of the arterial 
5 tree a stenotic artery, tlie stenotic artery having an axis; 

c deteniiining an orientation of the axis of the stenotic artery; 

d detemiining from the tliree-dimensional reconstruction of the 
arterial tree at least one perspective of the stenotic artery perpendicular to tlie axis 
of the aitery; 

10 e generating a three dimensional reconstruction of the artery from 

angiographic images obtained essentially from the determined at least one 
perspective; and 

f analyzing the three-dunensional reconstruction of the artery. 
In its fouith aspect, the invention provides a program storage device 
15 readable by machine, tangibly embodying a progi^am of instructions executable by 
the machine to perforai method steps for imaging an artery contained in an arterial 
tree, the artery having an axis, said method steps comprising: 

a generating a three-dimensional reconstruction of the arterial tree 
fi:om two or more angiographic images of the arterial tree obtained from different 
20 perspectives; 

b detennining an orientation of tlie axis of the artery in the arterial 

tree; 

c determining from the three-dimensional reconstruction of the 
aiterial tree at least one perspective of the artery perpendicular to the axis of the 
25 artery; and 

d generating a three dimensional reconstruction of the artery from 
angiographic images obtained essentially fi*om the deteraiined at least one 
perspective. 

In its fiftli aspect, the invention provides a computer program product 
30 comprising a computer useable medium having computer readable program code 
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In its seventh aspect, the invention provides a computer progi'am product 
comprising a computer useable medium having computer readable program code 
embodied therein for diagnosing stenosis in an arterial tree in an individual the 
computer progi^am product comprising: 
5 a computer readable program code for causing the computer to generate 

a tliree-dimensional reconstruction of the arterial tree &om two or more 
aiigiogi*aphic images of the arterial tree obtained from different perspectives; 

b computer readable progi*am code for causing the computer to detect 
in tlie three-dimensional reconstruction of the arterial ti-ee a stenotic aitery, the 
1 0 stenotic aiteiy having an axis; 

c computer readable program code for causing the computer to 
determine an orientation of the axis of the stenotic artery; 

d computei- readable program code for causing the computer to detemie 
from the tluee-dimensional reconstruction of the aiterial tree at least one 
1 5 perspective of the stenotic artery perpendicular to the axis of the artery; 

e computer readable program code for causing the computer to generate 
a tliree dimensional reconstruction of the artery from angiographic images obtained 
essentially from tlie determined at least one perspective; and 

f computer readable progi-am code for causing the computer to analyze 
20 the tlii-ee-dimensional reconstioiction of the artery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In Older to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-limiting 
example only, with reference to the accompanying drawings, in which: 
25 Fig. 1 shows a cross-sectional view and two projections of a stenotic arteiy; 

Fig. 2 is block diagram showing an embodiment of the system of the 
invention according to one embodiment of the invention; and 

Fig. 3 is a flow chart diagram of the process of constructing a 
three-dmiensional reconstmction of a stenotic artery. 
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230 by means of operator input 250. The microprocessor 230 then brings the X-ray 
source 200 and the detector 205 into the required orientation by activating a 
mechanism (not shown) that moves the X-ray source and the detector into the 
desired orientation relative to the individual's body, as is known in the art, 
5 The microprocessor 230 is programmed to generate a 3D reconstruction of 

the arterial tree based upon the obtained images. The 3D reconstruction of the 
aiterial tree may be represented on display 255 using pseudo 3D efifects such as 
directional lighting and shading. In a prefen^ed embodiment, the reconstructed tree 
is presented as a stereoscopic pair of images on display 255 to be viewed by the 
10 operator using a stereoscopic viewer. The 3D reconstruction of tlie arterial tree may 
be manipulated on the display 255 by the operator by means of operator input 250, 
allowing hun, for example, to zoom in on a specific region or to rotate the 
reconstruction on the display to obtain a desired perspective. 

An artery of interest, for example, a stenotic artery, in an image or in the 3D 
15 reconstructed ti*ee is selected by the operator or detected by the microprocessor, for 
example, by gray level analysis as is known in the art. For example, an image or the 
reconstructed tree may be displayed on the display 255, and an artery selected by 
the operator by means of input 250. The microprocessor determines from the 3D 
reconsti-uction of the arterial tree the angular orientation of the selected artery. The 
20 microprocessor tlien calculates two or more perspectives perpendicular to the axis 
of the selected artery. The perspectives preferably include two orthogonal 
perspectives. If images of the selected artery have not already been obtained 
appi-oximately from the calculated perspectives, the operator obtains such images. 
The microprocessor 230 is programmed to reconstruct a 3D image of the selected 
25 arteiy based upon these images. The 3D reconstruction of tlie artery may be 
represented on display 255 using pseudo 3D effects such as directional lighting and 
shading. In a preferred embodiment, the reconstruction is presented as a 
stereoscopic pair of unages on display 255 to be viewed by the operator using a 
stereoscopic viewer. The reconstruction of tiie arteiy may be presented to the 
30 operator embedded in the 3D reconstruction of the entire arterial tree. 
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artery. The reconstructed artery is displayed on the display 255 in step 355 together 
with parameters describing the arteiy. For example, for a stenotic artery, the 
parameters may include the severity and length of the stenosis. The reconstructed 
aiteiy may be presented to the operator embedded in the 3D reconstruction of the 
5 entire aiterial tree. Tlie operator may change the display using input 250, for 
example, by rotating the reconstructed artery on the display 255 so as to change the 
scale of the reconstruction of the arteiy or view the reconstruction from a desired 
perspective, including an optimal perspective or a cross-section. The operator tlien 
decides in step 360 whether he wishes to obtain a 3D reconstmction of another 
10 arteiy of interest in the arterial tree. If so, the process returns to step 340. If not, 
additional images are desired, the process terminates. 

It will also be understood that the system according to the invention may be 
a suitably programmed computer. Likewise, the invention contemplates a computer 
progi-am being readable by a computer for executing the metliod of the invention. 
15 The invention further contemplates a machine-readable memory tangibly embodj^- 
ing a program of instructions executable by tlie machine for executing the method 
of the invention. 

In tlie method claims that follow, alphabetic characters used to designate 
claim steps are provided for convenience only and do not imply an)' particular order 

20 of perfomiing the steps. 
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7. The system of Claim 3 wherein the microprocessor is configured to display on 
tlie display a view of the three-dimensional reconstruction of the artery from a 
selected perspective, such as a cross sectional perspective. 

8. Tlie system of Clahn 3 wherein the three-dimensional reconstmction of the 
5 artery is displayed on the display embedded in the thi-ee-dimensional display of the 

arterial tree. 

9. A metliod for imaging an arteiy contained in an arterial tree, the artery 
having an axis^ comprising: 

a generating a three-dimensional reconstruction of the arterial tree 
10 from two or more angiographic images of the arterial tree obtained from different 
perspectives; 

b deteraiining an orientation of the axis of the artery in the arterial 

tree; 

c detemiining from the three-dimensional reconstruction of the 
1 5 arterial tree at least one perspective of the arteiy perpendicular to the axis of the 
artery; and 

d generating a three dimensional reconstruction of the arteiy from 
angiographic images obtained essentially from the determined at least one 
perspective. 

20 10. Tlie method of Claim 9 ftirther comprising a step of displaying on a display 
any one or more of an angiographic unage, the reconstruction of the arterial tree, or 
tlie reconstruction of the artery. 

11. The method of Claim 9 ftirther comprising a step of malcing meterological 
measurements on the reconstruction of the arterial tree or the reconstruction of the 

25 artery. 

12. The method according to Claim 10 further comprising a step of 
manipulating an unage on the display. 

13. Tlie method of Claim 10 fuither comprising a step of displaying a view of 
the tliree-dunensional reconstruction of the arterial tree from a selected perspective. 
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Stenosis includes determining the fraction of the cross-section of maximal 
naiTOwing occluded by plaque. 

20. A program storage device readable by machine, tangiblj'^ embodying a 
program of instructions executable by the machine to perfonxi method steps for 
5 imaging an artery contained in an arterial tree, the artery having an axis, 
comprising: 

a generating a three-dimensional reconstruction of tlie aiterial tree 
fi'om two or more angiographic images of the arterial tree obtained from different 
perspectives; 

10 b determining an orientation of the axis of tlie artery in the arterial 

tree; 

c determining from the three-dimensional reconstruction of the 
ai-terial tree at least oiie perspective of tiie artery perpendicular to the axis of the 
aiteiy; and 

15 d generating a three dimensional reconstruction of the artery from 

angiographic images obtained essentially fi-om the detemiined at least one 
perspective. 

21. A computer program product comprising a computer useable medium 
having computer readable program code embodied therein for imaging an artery 
20 contained in an artei-ial ti^ee, the artery having an axis, the computer program 
product comprising 

a computer readable program code for causing tlie computer to generate 
a three-dimensional reconstmction of the arterial tree from two or more 
angiographic unages of the arterial tree obtained from different perspectives; 
25 b computer readable program code for causing the computer to 

determining an orientation of the axis of the artery in the arterial tree; 

c computer readable program code for causing the computer to 
determine from the three-dimensional reconstruction of the arterial tree at least one 
perspective of the artery perpendicular to tlie axis of the artery; and 
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d computer readable program code for causing the computer to determe 
from the tlii-ee-dimensional reconstiTiction of tlie arterial ti-ee at least one 
perspective of the stenotic aiteiy perpendicular to the axis of the artery; 

e computer readable program code for causing the computer to generate 
5 a tliree dimensional reconstruction of the arteiy from angiogi-aphic images obtained 
essentially from the detemiined at least one perspective; and 

f computer readable program code for causing the computer to analyze 
the tlii-ee-dimensional reconstruction of the arter^^. 
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